skin as well as in other organisms where it is found predominantly on the lipid rich regions (Christopher et al., 2000) . Information regarding factors affecting the production of extracellular lipases in S. epidermidis is scarce and limited. Further, the application of immobilized biocatalysts (cells) for the production of extracellular enzymes is widely practiced. Free cells of S. epidermidis immobilized on suitable supports for the industrial production of lipase could offer several advantages. These include improvements of microbial cell stability and higher dilution rates without culture washout. This may also be useful for the development of a bioreactor in the fed batch or continuous mode. The proven entrapment technology attracted us to explore extracellular lipase production by S. epidermidis.
Materials and Methods
Bacterial strain. Lipases producing bacterial strains were isolated from marine fish samples on trybutyrin agar plates (Farrell et al., 1993) , and observed for zone of clearance around the colonies. The organism which produced a larger zone was isolated and was identified as Staphylococcus epidermidis by morphological and biochemical characteristics based on Bergey's Manual of Determinative Bacteriology (Holt et al., 1989) . The stock culture was maintained in nutrient broth (Hi Media) and glycerol (50 : 50%, vol. by vol.) at Ϫ20°C. Working cultures were prepared by two successive transfers of stock culture to nutrient broth for 24 h at 37°C.
Lipase production. Staphylococcus epidermidis culture was inoculated in nutrient broth for 48 h at 30Ϯ2°C with 150-rev. min Ϫ1 agitation. For the production of lipase, 1% of the inoculum was inoculated into fresh production medium in an Erlenmeyer flask and incubated on a rotary shaker at 30Ϯ2°C. The standard production medium contained g L Ϫ1 of peptone 30; yeast extract 10; NaCl 5; CaCl 2 · 2H 2 O 0.01% and trybutyrin 1 ml. The pH of the medium was 8. The crude enzyme was obtained by centrifuging the broth culture at 8,000ϫg for 10 min at 4°C; the supernatant was collected and used as crude enzyme for the further studies. Lipase assay. Lipase activity was determined using p-nitro phenyl palmitate (pNPP) as a substrate (Winkler et al., 1979) . The substrate mix containing phosphate buffer (90 ml) with Gum Arabic (100 mg), and sodium deoxycholate (207 mg) along with 30 mg of pNPP in 10 ml of isopropanol was preincubated with the crude enzyme at 37°C for 15 min. The release of p-nitrophenol (pNP) was measured spectrophotometrically at 405 nm. One unit of lipase activity was defined as the amount enzyme releasing 1 mmol pNP per min under assay conditions.
Optimization of medium. Incubation time ranging from 12-96 h and effects on addition of various carbon and nitrogen source were evaluated in relation to enzyme yield. The enzymes produced by the bacterial cells were represented in terms of units of lipase activity in the culture supernatant. The cultural conditions like pH (4-9), temperature (10-50°C), and mode of incubation static and shake conditions were optimized. The optimal temperature for growth and production of lipases was investigated at a fixed substrate concentration and pH with varying temperature. The experiments were conducted in triplicate and the results are the average of these three independent trials.
Immobilization of bacterial cells. Culture of S. epidermidis was grown in 1 L nutrient broth at 20Ϯ2°C for 48 h and harvested by centrifugation at 8,000ϫg for 10 min and washed thoroughly with 0.85% saline solution. The cells were encapsulated in different matrixes like agar, agarose and polyacrylamide at a cell concentration of 0.08 g Ϫl of the matrix. The drops were collected in a hydrophobic phase where they were allowed to become beads. The number of cells immobilized on beads was counted after dissolution of the beads in phosphate buffer (0.1 M, pH 7), serially diluted and plated in nutrient agar medium. The number of viable cells was counted after incubation for 24 h at 37°C. Batch fermentation for lipase production by free cells and immobilized cells. The production medium was modified on the basis of optimum parameters. For batch fermentation using free cells, 5% of the inoculum was inoculated into fresh 500 ml optimized production medium and another set was inoculated with cells immobilized on beads in a 1,000 ml conical flask for shaken flask fermentation. Fermentations were carried out in triplicate at 20Ϯ2°C and 150 rev. min Ϫ1 for 48 h in a shaker incubator.
Characterization of lipase.
Crude lipase preparations were incubated in phosphate buffer (50 mM) at various pH values at 20°C for 15 min. Lipase activity was determined in the same buffer and 0.1% (wt. by vol.) gum arabic. To determine the effect of pH on enzyme stability, lipase preparations were incubated in buffers of different pH for 1 h at 20°C. For determining the effect of temperature on lipase activity, samples were mixed with substrate solution and incubated at different temperatures for 15 min. For determining the thermal stability, enzymes were preincubated at different temperatures ranging from 15-60°C for 1 h. At the end of the incubation period, residual activity was determined using pNPP as the substrate.
Results and Discussion
Studies on factors attributing to enhanced production of extracellular lipase by S. epidermidis isolated from marine fish samples are outlined in this paper. Lipase from S. epidermidis is widely studied based on its pathogenicity. This is the first report in which production of lipase from S. epidermidis was optimized and enhanced. The effect of various physical parameters on lipase production is given in Table 1 . The lipase activity was determined at 12 h intervals up to 96 h and the maximum enzyme production was obtained at 72 h with an activity of 3.1 U. A temperature of 22°C was found to be most conducive for lipase production. Normally psychrotrophs have the highest enzyme production at lower temperatures lower than the optimal growth temperature. In Psychrobacter sp. highest lipase activity in was at 15-20°C, in the late logarithmic phase (Zeng et al., 2004) . In agreement with the results of Achamma et al. (2003) , in Bacillus mycoides, there was no growth or production of lipase below 10°C or above 50°C. The absence of lipase activity in the culture supernatant above 50°C is likely due to the thermoliability of enzymes. To test the effect of aeration, one set of cultures was incubated at 22°C in a rotary shaker operating at 150 rev. min Ϫ1 whereas the other set was incubated under stationary conditions. From the results it is evident that mixing and aeration influenced the biomass and lipase production. Under shaking conditions a twofold increase in lipase production was noticed. The significant increase in production under shaking conditions may be due to higher availability of the carbon source to the bacteria. Further mixing of the medium enhanced aeration besides providing the nutrients required for the microbial cells to grow. Among the different inducers like olive oil, Tween 20, Tween 80, coconut oil, and trybutyrin, when 1% trybutyrin was added to the basal media, lipase production was increased by more than twofold ( Table 2) .
Addition of trybutyrin to the production media was found to be the best inducer with an activity of 8.4 U and these results agreed well with others in which lipids induced lipase production (Nagaoka et al., 1969; Naka et al., 1986; Tsujisaka et al., 1973) . The addition of triglycerides to the medium was indispensable for the production of lipase (Del Rio et al., 1990; Marek and Bednarski, 1996) . In the present study, inclusion of other inducers also increased the lipase production. Addition of olive oil to the medium, however, induced the cells for lipase synthesis. Significant enzyme yield was also found on the inclusion of coconut oil, which is a cheap commercial commodity easily available. In the present study Tween 20 and Tween 80 were poor inducers for lipase production in S. epidermidis. Addition of lactose as a carbon source increased production of lipase with an activity of 9.0 U. Peptone was found to be the best nitrogen source whereas malt extract was a poor nitrogen source for lipase production (data not shown). Lipase production is also influenced by other factors. Maximum lipase production was at pH 7.0 and optimum pH ranges from 6.5 and 8.5 for bacterial lipase production (Adams and Brawley, 1981; Kaimi et al., 1998) . Our results are comparable with the results of Achamma et al., 2003 , who reported that significant increase in lipase production was obtained when sodium chloride was supplied as mineral source to Bacillus mycoides, whereas other mineral salts did not exhibit significant increase in lipase production (Table 3) .
Entrapment of microbial cells has been reported to improve the production of other enzymes like protease (Syldatk et al., 1990 ) and chitinase (Katatny et al., 2003) . The objective of immobilization of microorganisms is to allow their extended use as a biocatalyst. The optimum lipase production by using free cells in fermentation resulted in increased lipase production (8.1 U). A higher yield of lipase (11.7 U) was achieved when cells were immobilized in 3% agar beads with a cell biomass of 3.7ϫ10 7 cfu g Ϫ1 (Table 4 ). The effective concentration of microbial cells in agar beads resulted in high volumetric lipase productivity, assuming that the supply of C, N and inducers were not limiting. However, higher agar concentration (4%) reduced microbial activity and enzyme production as a result of limited diffusion of nutrient and oxygen. It was observed that S. epidermidis cells immobilized on polyacrylamide showed low production, which may be due to the poor viability of cells. Immobilization of cells in this case would provide a number of advantages; higher cell densities at lower broth viscosities would result in faster reaction rates of mass transfer. On this basis, the efficiency of a biocatalyst reflects the complexity of the catalytic system, composed not only of the microbial cells, but also of the immobilizing matrix and the reaction medium. Biocatalyst immobilization provides a tool to reduce the deleterious effect of the organic phase, by providing cells with a protective environment. This approach additionally facilitates biocatalyst separation from the production media. Immobilization is very important in the industrial application of enzymes, as immobilized biocatalysts offer unique advantages in terms of better process control, enhanced stability, cell-free products, predictable decay rates, and improved economics. It was found that whole cells in a gel matrix lived for a month under certain conditions. Immobilized living whole cells have a potential application to a new type of fermentation. Production of biologically active substances can be performed with a fermentation system using immobilized whole cells. The study has proved that the optimization of growth parameters in a suitable medium has a significant effect on the improved enzyme production. The data presented in Fig. 1 show that lipase is more stable at pH 7 and retains about 85% of its activity at pH 6.0. The effect of temperature on lipase activity and stability is shown in Fig. 2 . The temperature optimum for enzyme activity was 20°C and 80% activity was retained at 15°C. The enzyme was stable in a wide temperature range of 15-50°C. It was interesting that lipase maintained the lipolytic activity at a low temperature. The activity of the cold enzyme presents an apparent optimal activity around 35°C and retains about 20% of its activity at 0°C, whereas the activity of the mesophilic lipases is close to zero at temperatures below 20°C and increases at temperatures above 60°C (Gerday et al., 1997) . So we suggest that the li-318 JOSEPH, RAMTEKE, and KUMAR Vol. 52 Magnesium chloride (0.001) 0.6 3.
Lead nitrate (0.001) 1.5 4.
Calcium chloride (0.9) 2.3 5.
Potassium chloride (0.9) 7.4 6.
Magnesium sulphate (0.9) 4.0 7.
Sodium chloride (0.9) 8.2 pase of Staphylococcus epidermidis has the characteristic of a cold-adapted enzyme and lipase may be better in application to low temperature and a more stable alternative to other lipases. Psychrophilic enzymes have a high specific activity at low and moderate temperatures, and are inactivated easily by a moderate increase in temperature. These properties can be extremely useful in various applications; these enzymes are both innovative and invaluable. Extracellular lipases produced by S. epidermidis are active at neutral pH, active even at low temperature and stable up to 50°C, which can be used in the development of preparations for the bioremediation of oilpolluted sites of low and moderate temperature regions. Considering the added advantage of lipase production at neutral pH and ambient temperature further widens the scope of the enzyme in biotechnological and industrial applications. Lipases are involved in recycling of inorganic materials in nature. In temperate regions, large seasonal variations in temperature reduce the efficiency of microorganisms in degrading pollutants such as oil and lipids (Ramteke et al., 2005) . The enzymes active at low and moderate temperature may also be ideal for bioremediation processes. An enzymatic process appears to be attractive as, while its capital and energy requirements are moderate, the unstable fatty acids are minimally degraded by virtue of the mild process and hence the recovery of the end product should be higher and the products of superior quality. Agricultural product utilization for industrial development is one of the developing areas in modern industrial biotechnology. As shown in the present re- Fig. 1 . Effect of pH on activity (᭡) and stability (᭹) of lipase from S. epidermidis. The relative activity (%) was calculated relative to the case of reaction at which maximum activity was taken as 100%. Fig. 2 . Effect of temperature on activity (᭡ ) and stability (᭹) of lipase from S. epidermidis. The relative activity (%) was calculated relative to the case of reaction at which maximum activity was taken as 100%.
search, valuable industrial products could be obtained on a large scale by the judicious management of microbes. Growth and yield performances were much improved in the utilization of coconut oil as an inducer. Moreover, the blending of inducer and other essential media components shows still better performances, by providing a more suitable environment for microbial growth. This study has proved that the optimization of growth parameters in a suitable medium has a significant effect on improved production. This is one of the prime objectives of industrial microbiology for the large-scale production of valuable metabolites, which can be achieved with a balanced nutrient supply and the optimization of the external physical factors.
It has been concluded that the production of lipase by S. epidermidis cells with coconut oil appears to be feasible and conditions for the lipase production by immobilized S. epidermidis cells in ambient temperature and nutrient pH leads to high energy savings. Therefore, a system using immobilized whole cells appears to have good potential for industrial production. As a result of all the advantages described in the present study, immobilized S. epidermidis could be a potent microbial source of lipase. Lipases are industrially important enzymes involved in many processes; therefore, more and more sources with unique characteristics need to be explored. Further purification and characterization of lipases from S. epidermidis is in progress.
